Sudden cardiac arrest is a challenge for medical personnel as well as a high socio-economic
the resuscitation conducted by bystanders was only 45.7% of cases, and the survival rate was 11.4%. With regard to in-hospital cardiac arrest, there were 209.000 cases with a resuscitation rate of 23.8% [5, 6] . As indicated by the studies by Gräser et al., The prevalence of community-acquired cardiac arrest in European conditions is lower and amounts to approximately 40 cases per 100.000 adults [7] . In Polish conditions, Gach et al. Assessing the incidence of OHCA in the area of Bielsko-Biała showed that it was 170 cases per 100.000 people, with OHCA as men being 243/100.000 and more than twice as frequent as women -99/100.000 people [8] .
Basic life support is a key element of resuscitation. They are based on chest compressions and rescue breaths in a ratio of 30:2. Chest compressions should be carried out in accordance with the guidelines of the European Resuscitation Council (ERC) [9] or the American Society of Cardiology (AHA) [10] . According to the above guidelines, the depth of chest compressions in an adult should be between 50 and 60 mm, 50mm in the case of a child, and 1/3 of the sagittal dimension of the chest in a newborn, giving a depth of about 40mm. However, the frequency of chest compressions, which, regardless of the age group, should be between 100 and 120 compressions per minute, is also important [11, 12] . The guidelines also emphasize the correctness of chest relaxation after each compression and the need to minimize breaks in chest compressions. The rescue breaths should be performed with the tidal volume intended for a given age group. In the case of adults, it is assumed that the tidal volume is 6-7 mL for each kilogram of body weight, while in the case of children 8-10 mL/kg m.c. The rescue breathing is considered effective if it caused a gentle rise of the patient's chest [13, 14] . However, as many authors point out, the quality of cardiopulmonary resuscitation, including chest compressions performed in a non-instrumental manner, may raise doubts [15] [16] [17] . In this context, audiovisual devices for compressing the chest may be helpful in indicating the depth of chest compressions in real time, or chest relaxation rates [18, 19] . The range of displayed data depends on the device model.
One of the most advanced devices supporting resuscitation is the TrueCPR device (Physio-Control, Redmond, VA, USA). The device is made of a pad and a chest pad attached to it (Fig. 1) . The device works on the principle of electromagnetic signal reading between the back washer and the chest cover [20, 21] .
The pad should be placed under the patient's back and the pad should be placed on the chest so that the yellow hand pad is in the middle of the chest in the lower half of the sternum (Fig. 2) .
If the back pad was placed in the side position, the chest cover should be rotated 180 degrees (Fig. 3) .
The chest pad is built from the display and pad, which is the place of pressure. In addition, there are three buttons on the pad. The device's on/off button is marked in green; metronome mute button and button referring to the device's operating mode for intubated patients where continuous chest compressions are performed (Fig. 4) .
The display indicating the quality of chest compressions indicates:
• the correctness of chest relaxation -target zone of relaxation (the light green color is changed to dark green when the tightness of the chest is completely released); • the frequency of compressions (the result is presented as the number of compressions per minute. In the case when pressures are interrupted, the time of inactivity appears on the counter); • the depth of pressure (the color changes from light green to dark green when the pressure of the chest is in the range from 50 to 60 mm); • history of chest compression depth (gray or dark green segment in the outer circle indicates the depth of the previous pressure);
• battery discharge indicator (the indicator appears when the status of the battery charge is lower than the level enabling 25-minute resuscitation); • time from switching on the device; • operating indicator in intubated patient mode.
The aim of the study was to assess the impact of using the TrueCPR device by nurses on the quality of chest compression during simulated cardiopulmonary resuscitation.
MeThods
Thirty-eight nurses participating in training in basic resuscitation procedures accredited by the American Heart Association were qualified for the study. Voluntary informed consent was obtained from each participant. Exclusion criteria from the study were back or wrist injuries, which could reduce the quality of chest compression. An additional criterion excluded from the study was pregnancy. Prior to the study, the participants participated in the instruction on the correct application of the TrueCPR device, after which they had 10 minutes of practical training. Then, in a cross-randomized manner, they performed a 2-minute cycle of continuous chest compression using an adult simulator -Resusci Anne QCPR (Laerdal, Norway). Resuscitation was performed based on two research scenarios: A) Scenario A -chest compressions in an unassisted manner; B) Scenario B -chest compression using the TrueCPR feedback device. Randomization took place using the coin tossing technique. In this way, the respondents were divided into two groups. Group I began resuscitation based on Scenario A, and Group B using Scenario B. After the resuscitation cycle, participants had a 10-minute break after resuscitation based on the second scenario. A graphical representation of the randomization procedure is shown in Figure 5 .
Chest compression parameters such as the frequency of chest compressions, the depth of chest compressions and the degree of complete chest relaxation were analyzed. The values recommended by the guidelines of the American Society of Cardiology were considered the reference values.
Statistical analysis was performed using the Statistica 12EN for Windows software. Chi-squared analysis, mean, standard deviation, Wilcoxon signed rank test, Mann-Whitney U test were employed. The significance level was set at p < 0.05.
resulTs
The study involved 38 nurses, whose average age was 36 ± 7 years, and the average length of service was 14 ± 8 years.
The summary of the results obtained is presented in Table 1 .
The average chest compression rate in the case of non-instrumental compression was 131 ± 12 compressions per minute and was statistically significantly higher than in the case of using the TrueCPR device (P = 0.022).
Mean chest compressions depth with and without the TrueCPR device showed significant variation, 38 ± 11 mm for manual chest compression, and 52 ± 6 mm for TrueCPR (P < 0.001).
Full chest recoil for manual chest compression and compression using the TrueCPR device was 46 ± 19% and 75 ± 18%, respectively (P < 0.001).
discussion
The study showed a significant advantage of CPR using the TrueCPR feedback device over manual chest compressions. The American Society of Cardiology now recommends that teaching chest compressions during courses are conducted using CPR feedback devices, which facilitates the control of the appropriate chest compression depth, as well as indicates to the course participant at what depth chest compressions should be performed [22, 23] . Of course, CPR devices are also used during real CPR.
It is difficult to achieve optimal depth and chest compressions according to the resuscitation guidelines recommendations of many people's [24, 25] ; however, cardiopulmonary feedback devices may help [26] . In the conducted study comparing the quality of chest compressions with and without the TrueCPR device, it showed statistically significant improvement in compression parameters in relation to both depth and frequency of chest compression, as well as the correctness of its relaxation after each compression [27] . Truszewski et al. Comparing the quality of chest compressions instrumentally and using the TrueCPR and CPR-Ezy devices during the CPR performed by the nurses also showed an improvement in the chest compressions parameters in the case of using the above devices [28] . Other authors [18, 20] also came to similar conclusions. Thanks to its construction, the TrueCPR real-time CPR device indicates the depth and the frequency of chest compressions. Kurowski's research carried out among medical rescuers showed a significant increase in the depth of chest compressions when using the TrueCPR device -56.5mm compared with non-instrumental compression -49.5mm [21] .
In this study we used one of the most advanced devices supporting resuscitation, TrueCPR, but also the use of other devices of this type, as research indicates, improves the quality of cardiopulmonary resuscitation [29] [30] [31] [32] .
However, it is worth emphasizing that if you do not know how to use your device, attempting to implement it during resuscitation procedures may affect the delay in chest compressions, thereby reducing the chances of spontaneous circulation return.
conclusions
In the conducted simulation test, the use of the TrueCPR device significantly affected the improvement of chest compression parameters, including the frequency and depth of chest compressions as well as the degree of correctness of chest relaxation. 
